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Abstract 
The paper addresses the issue of children with Down syndrome and psycho-pedagogical implications in the present. Down 
syndrome is the most common biological cause of intellectual disability. This intervention study was conducted to explore the 
effectiveness of using the tablet as a learning tool in teaching mathematics to children with Down syndrome. Also, to explore the 
extent to which children with Down syndrome are able to learn counting elementary mathematics concepts, such as the addition 
operation or subtraction. The results showed that there was significant progress in terms of basic mathematical skills acquisition 
in children who use electronic media than children who used only concrete objects. Research indicate that good teaching, using 
the children's strengths for visual learning lead us to conclusion that children with Down syndrome are able to learn and, in 
particular counting, if they are exposed to the appropriate conditions, which match their needs. Children with Down syndrome 
can improve their mathematical thinking skills through training that combines real activities with objects, math aps for tablet and 
visual configurations of numbers. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction  
 
Mathematical skills are based on the concept of number. Understanding the number concepts and basic 
mathematical skills so that they can be used in daily activities is an important part of the education of children from 
the preschool period. The curriculum of mathematics most often encompasses learning numbers and simple 
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mathematical operations, the first notions about the shape, space, time, size and problem solving.  Whereas we use 
numbers for most of everyday activities, for example phone number, address, public transport vehicle etc., any 
difficulties in this area may affect current activities. 
 
2. Theoretical perspectives  
 
 Down syndrome (also known as trisomy 21) is a chromosomal disorder caused by an error in cell division that 
results in an extra 21st chromosome affecting between 1 in 1,000 to 1 in 1,100 live births worldwide (WHO). The 
condition leads to impairments in both cognitive ability and physical growth with characteristic facial features and 
mild to moderate intellectual disability.  
 Children with Down syndrome are, like other children with learning difficulties, at risk for impaired language 
development. Their ability varies widely; though the majority shows moderate learning difficulties (Chapman & 
Hesketh, 2000) some have severe learning difficulties while other individuals have close to average intellectual 
ability (Pueschel, 1995; Roizen, 2002). 
 The relevant studies had shown that there is a deficit of counting to children with Down syndrome (Gelman & 
Cohen, 1988; Porter, 1999; Nye et al., 2001; Abdelhameed, 2007). Another study had shown that children with 
Down syndrome have difficulty mastering number skills, counting and do simple arithmetic (Brigstocke, Hulme and 
Nye, 2008). However, researches has shown that even if children with Down syndrome are deficient in terms of 
cognitive skills, they can learn mathematical concepts (Faragher, Brady, Clarke, & Gervasoni, 2008) and 
appropriate taught methods specific for these children gave positive results (Buckley, 2007; Abdelhameed, 2009).  
 Over time there have been proposed several methods and materials teaching that could lead to more effective 
teaching and learning (Horner, 2007; Abdelhameed, 2009), so that students with Down syndrome can get to operate 
with abstract mathematical concepts as a result of activity with concrete materials (Buckley, 2007).  
 Children with Down syndrome can improve performance when they in learning are receiving feedback 
(Baroody, 1996), they have support from their parents which contribute to the educational process (Nye et al. 2001), 
or resort to individual inner education forms (Bashash et al. 2003).  
 Using electronic media technology has become an increasing importance and influenced the teaching of 
mathematical knowledge. Multimedia materials that make mathematics education elements to be appealing to 
children with Down syndrome can be a very useful tool.  
 In a study presented by Buckley (1995) it showed that the use of computer-assisted teaching can increase the 
learning potential of children with Down syndrome by providing the desired message both visual and auditory 
channels.  
 Several studies have demonstrated the possibility of computer-assisted instruction and the use of multimedia 
materials for learning processes in students with and without special educational needs (Clements, 2002; Ortega-
Tudela & Gómez-Ariza, 2006).  
 All these results indicate the importance of using computer-assisted teaching in knowledge acquisition and 
mathematical concepts and, therefore, in our study we considered that using the tablet as a tool learning of the 
mathematics could enhance the performances children with Down syndrome. 
 
3. Method 
3.1. Purpose of the study 
This intervention study was conducted to explore the effectiveness of using the tablet as a learning tool in 
teaching mathematics to children with Down syndrome. Also, to explore the extent to which children with Down 
syndrome are able to learn counting elementary mathematics concepts, such as the addition operation or subtraction.  
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3.2. Participants 
In the study were included 16 children with Down syndrome with ages between 5 and 13 years old, 11 boys și 5 
girls, classified as having moderate intellectual disability (IQ values ranged from 50 to 68) according to Stanford-
Binet measurement. These children were selected from a special education school for children with intellectual 
disability from Bucharest, Romania.  
Mathematical skills were assessed at the beginning of the program (pre-test) in order to compile study groups 
with no significant differences between members, children with similar characteristics like age and intellectual 
development.  
To determine the baseline and after the training level reached for all groups we assessed counting knowledge and 
addition and subtraction. Children were asked to solve every 4 items for each of the skills listed above. 
 
Table 1. Pre-test score. Age, Q.I., counting knowledge and addition/abstraction 
 
 
No Students Age QI Counting knowledge Addition/abstraction 
1 C.A. 5 50 0 0 
2 B.L. 5 52 0 0 
3 M.B. 6 54 0 0 
4 B.M. 6 59 0 0 
5 P.A. 7 57 0 0 
6 M.M. 8 58 4 1 
7 T.C. 8 61 0 0 
8 B.M. 8 64 0 0 
9 G.K. 9 55 0 0 
10 R.D. 9 56 3 2 
11 M.I. 10 55 4 1 
12 G.M. 10 57 4 2 
13 T.G. 11 60 4 2 
14 B.I. 12 62 4 2 
15 L.M. 12 66 4 3 
16 C.C. 13 68 4 2 
 
According to their performance of mathematics ability, the children were divided into 2 groups, 8 children each.  
The first group (non counters) consisted of four children who could not count at all. Their chronological age ranged 
from 5 to 9 years old and their IQ ranged from 50 to 64.  
The second group consisted of 8 children who could operate with numbers and could do simple operations as 
addition and subtraction.  
Their chronological age ranged between 8 and 13 years old and their IQ ranged from 56 to 68. 4 children from 
the first group will participate to a series of sessions in which they will be able to exercise the counting abilities 
using concrete objects and the other 4 will use only tablet, with a series of aps for the acquisition of the concept of 
number.  
The second group was also divided into two groups of 4 children. In the first group were used concrete objects to 
practice addition and subtraction capability, and second only tablet.  Statistical description of groups of children is 
as follows: 
 
Table 2. Pretest score for group T1, C1. Mean and standard deviation 
 
 
Variable Group N Mean Std. Deviation 
Age T1 4 7,00 1,826 
 C1 4 6,50 1,291 
IQ T1 4 56,75 4,031 
 C1 4 56,25 5,909 
Counting 
knowledge 
T1 4 0 0 
 C1 4 0 0 
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Table 3. Pretest score for group T2, C2. Mean and standard deviation 
 
 
Variable Group N Mean Std. Deviation 
Age T2 4 10,25 1,708 
 C2 4 11,00 1,826 
IQ T2 4 60,25 4,031 
 C2 4 60,25 6,021 
Adition/ 
abstraction 
T2 4 2,00 ,816 
 C2 4 1,75 ,500 
 
Comparing the performance of different subgroups of children tested we found that there aren’t significant 
differences between them, so the groups are equivalent prior to training.  
 
3.3. Training procedure 
Training for the subset of non - counters who used the tablet (T1) procedure was as follows: children were given 
a program (Kidsopia) through which it could acquire the concept of numbers and practice counting. The program 
provided feedback and instructions using simple sentences and direct addressing, providing feedback for each 
successful or not operation through a character.  
The program offers the opportunity to learn both numeracy and symbols associated with numbers. The duration 
of each exercise session varied depending on each child's ability to resist fatigue, averaging approx. 31 minutes.  
For children who had not mastered the concept of number, from the subgroup which has worked with concrete 
objects (C1), with different shapes and materials.  
The task consists of the response to the question ‘how many are there‘? Throughout the training children received 
appropriate verbal feedback (e.g. well, very well or not well).  
During training sessions the aim was counting to 10, but if it will be achieved continued until 20. The duration of 
each exercise session varied depending on each child's ability to resist fatigue, averaging approx. 20 minutes.  
For the group which can operate with numbers and could do simple operations as addition and subtraction the 
procedure was similar. The subset that practice addition and subtraction capability through the tablet (T2) used the 
same program (Kidsopia), exercises being more complex.  
Addition and subtraction are practiced through collections (objects, beings etc.), by using representations of 
objects with numbers and operations symbols, and finally only with the figures without graphics support. As with 
learning numeracy, there is a character that guides the child and gives feedback.  
Children easily learn the rules, many of them were already familiar with the movements required to control the 
tablet surface. The average time that a child spent practicing the tablet was 34 minutes.  
Children from subgroup that practiced addition and subtraction through concrete objects (C2) worked at a table 
with various collections of objects, the teacher’s role being to guide the work and provide properly feed -back. In 
this subgroup, the average training session was 23 minutes. Each child in the group participated in 8 individual 
sessions, following the same procedure and using the same materials. 
 
4. Result  
 
Final assessment (post- test) was done after they have completed the training sessions. 
 
 
 Table 4. Post-test score. Age, Q.I., counting knowledge and addition/abstraction 
 
No Students Age QI Counting 
knowledge 
Addition/ 
abstraction 
1 C.A. 5 50 1 0 
2 B.L. 5 52 4 0 
3 M.B. 6 54 2 0 
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4 B.M. 6 59 4 0 
5 P.A. 7 57 0 0 
6 M.M. 8 58 4 2 
7 T.C. 8 61 4 1 
8 B.M. 8 64 2 0 
9 G.K. 9 55 3 0 
10 R.D. 9 56 4 2 
11 M.I. 10 55 4 1 
12 G.M. 10 57 4 3 
13 T.G. 11 60 4 4 
14 B.I. 12 62 4 2 
15 L.M. 12 66 4 4 
16 C.C. 13 68 4 3 
 
Table 5. Differences between groups in counting knowledge after the intervention (Student's t test) 
 
Group N Mean  SD 
Pretest Posttest Dif. Pretest Postest Dif. 
T1 4 0 3,75 3,75 0 ,500 ,500 
C1 4 0 1,25 1,25 0 ,957 ,957 
 
In both groups that we work with, on tablet (T1) and concrete objects (C1) we found that the concept of number 
was acquired, and that there is a significantly greater improvement in the group that worked only with tablet (T1 
Mean Dif 3,75 ˃ C1 Mean Dif 1,25).  
 
Table 6. Differences between groups in counting knowledge after the intervention (Student's t test) 
 
Group N Mean  SD 
Pretest Posttest Dif. Pretest Posttest Dif. 
T2 4 2,00 3,25 1,25 ,816 ,957 ,141 
C2 4 1,75 2,00 0,25 ,500 ,816 ,216 
 
On the groups which had acquired the concept of numbers and worked on the development of mathematical 
skills (T2 , C2 ) we also found that the mean score for the children in group T2 is significantly higher than the score 
of the group C2 (T2 Mean Dif 1,25 ˃ C2 Mean Dif 0,25).  
Applying paired t-test for all four groups that we worked with confirmed that the difference in scores is 
statistically significant, so that the progress of children who have worked with the tablet, compared to children who 
worked only with concrete objects is significantly higher.  
 
5. Discussion 
 
Children with Down syndrome have difficulties in put themselves into a position to do cognitive activities, 
particularly mathematics. Most of them are unable to read or write numbers.  
In order to assimilate the concept of number, the child should understand the concept in several forms: as a 
symbol, language, as a representation in the form of various objects and materials that come in contact with, 
connected to other numbers.  
Children with Down syndrome have to be led to the understanding of meaning and to structure sensory 
experiences. Mathematical concepts are born and formed in situations experienced by the child from concrete 
experience.  
Hence, the needs to provide concrete situations that require children to apply to real life mathematical aspects. 
Introduction in mathematics is done with the direct participation of children, exploring practical field experience. 
Learning mathematical concepts will start from the world of objects. It can successfully exploit technologies that 
can exploit situations or realizable mathematical situations resort to direct manipulation, to action.  
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The software must be based on the practical experience of the child in order to rank experience to facilitate access 
to logical operations and symbolize and mathematical structures should be practice through software and should be 
highlighted by a plurality of images, symbols, to which child should act. Each operation will be based on 
understanding the real action, concrete, which it corresponds.  
For example, through some games, students will be led to understand that if from a group of objects remove one 
piece, the group remains smaller; the group remains that smaller related to how many objects are removed. Playing 
with numbers may make the child with Down syndrome to understand that learning mathematics plays an important 
role in everyday life and the effort made is mitigated by the fact that learning takes the form of play.  
In certain circumstances children with Down syndrome are able to learn and develop mathematical knowledge, 
which may have important implications for their education and rehabilitation.  
The outcome of the proposed study proves that through an individualized approach and with the use of modern 
means of education, children can acquire basic knowledge of mathematics, especially counting.  
This approach, one to one teaching and inclusion of children in situations of learning that motivates and makes 
them happy can improve knowledge of children with Down syndrome, thus leading to the development of their 
school and social skills.  
Using the tablet, which allows the child to be in control of the learning situation and to operate at the speed he 
wants into a context where there is a complete visual and auditory support, can lead to progress in the acquisition of 
relevant knowledge in school and social context. The tablet is not associated with the effort involved in any ordinary 
school activity, the child is not pressed to give an answer and has enough time to process information and solve 
questions.  
Using math aps on the tablet can improve the ability of children with Down syndrome to understand numeracy 
and do simple arithmetic. Also, using illustrations and animations can increase the effectiveness of the educational 
process in children with Down syndrome.  
The study highlighted the importance of strengthening the knowledge to students with Down syndrome. We 
found that children need more exercise to maintain the knowledge learned and in the meanwhile it may happen that 
children to refuse to perform the tasks if these are perceived as difficult or challenging, situation that has been 
observed in previous studies (Wishart, 2001; Germain, 2002).  
Another finding was related to the presence of avoidance strategies used by children with Down syndrome when 
they are put in a position to acquire new knowledge and new skills, which confirms the observations of Wishart 
(2001). 
During training sessions with students with Down syndrome were frequent instances in which they forgot certain 
numbers or jumping over them, and the most common mistakes were made when they were asked to do subtraction. 
It also happened many times that targets training sessions are not met because of the inability of children to focus 
more time on a task or because of fatigue.  
Children with Down syndrome can solve simple addition using as support concrete objects but have great 
difficulty when this support is lacking and they have to operate only with mathematical symbols. Multimedia 
approach present in the tablet aps can improve performance so that at the end of the training session the child to 
present some advanced skills.  
Children with Down syndrome who have worked with concrete objects showed a low motivation in doing their 
tasks, especially if those were perceived as new or difficult. Many times it happened that the child to refuse tasks 
rather than try and make a mistake. 
 
6. Conclusions  
 
After the training session we found that sub-groups of children with Down syndrome who were trained using the 
tablet had a significantly better performance compared to the sub-groups who used only concrete materials. Study 
results allow us to affirm that multimedia teaching software using basic mathematical knowledge facilitates the 
acquisition of basic mathematical knowledge and operation of such knowledge in children with Down syndrome. 
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Our results suggest that the use of multimedia helps children to develop cognitive strategies that facilitate 
symbolic thinking, children in this group managed to operate more easily with the symbolic representation of 
numbers.  
The ability of children to maintain attention is also increased in groups that used only tablet: visual and auditory 
feedback having a stronger incentive effect compared to feedback provided by the teacher. Visual indications, easy 
to understand and follow offered by the software seems to facilitate spatial perception and information processing 
elements in these children. 
Another important difference between how cognitive training was seen between the two groups is related to the 
subjective assessment of the type of activity: while the groups who worked with the tablet felt that what they do is 
like a game, groups who worked with concrete objects, with the support of a teacher and being guided by it, they 
perceived as an activity of learning, so that meant an intense effort, which causes the denial, the most common 
mistakes or failure to focus.  
 Also, the sub-groups who worked only on tablet showed better performance when were tested in the absence of 
knowledge of figurative or concrete support. Although many authors have pointed out that children with Down 
syndrome have difficulty in assimilating and operation of mathematical concepts, the results of our study suggest 
that it is possible that this is due to the use of educational methodology that is not tailored to the needs and features 
in these children.  
The dynamic of animations and the use of illustrations accompanied by educational software feedback determine 
getting better performance in children with Down syndrome compared with the traditional way of working. Access 
to knowledge using various channels can facilitate improved information processing, maintaining attention and 
memory capacity.  
The attractive presentation which focuses on games in educational software determines children to be interested 
in the task and to want to achieve goals, as opposed to children who worked in the traditional way, which often did 
not want something else than the activity end as quickly regardless whether the objectives have been achieved or 
not.  
Of course, we cannot say that the use of any electronic means of education can lead to the acquisition of 
knowledge and ultimately learning, but we want to emphasize the possibilities offered by this tool and the fact that 
easiness acquisition of abstract concepts, as the numbers.  
Multimedia materials by a dynamic and appealing presentation, using moving objects, characters that guide the 
child to acquire knowledge, can help overcome deficits in abstract thinking in children with Down syndrome. 
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